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doi:10.1016/j.ejvs.2010.08.002Abstract Objectives: Postoperative deep venous thrombosis (DVT) is usually asymptomatic
but can result in a fatal pulmonary embolism (PE). To assess the ability of transcranial Doppler
(TCD) ultrasound apparatus to detect venous emboli in patients who had undergone total knee
arthroplasty (TKA).
Methods: Forty-eight patients undergoing TKA were examined postoperatively by using
compression ultrasonography, computed tomographic angiography, and TCD ultrasonography
that detected high-intensity transient signals (HITS) in femoral veins. An original scoring
system based on both the number of HITS and the locations of DVT was tested for its accuracy
in predicting PE development.
Results: Twenty-threeof the48patients hadDVTpostoperatively, and8hadanasymptomaticPE.
The sensitivity and specificity of the HITS assessment alone in identifying PE development were
75% and 92.5%, respectively. The scoring system, however, had a sensitivity of 100% and a speci-
ficity of 85% and the area under the receiver operating characteristic (ROC) curve (AUC)was 0.96.
Conclusions: Application of a scoring system based on the detection of both DVTand HITSmay be
an effective and efficient method of screening for PE after knee arthroplasty.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Pulmonary embolism (PE), which is usually caused by deep
venous thrombosis (DVT), is often difficult to diagnose5803 5255; fax: þ81 3 3818 7182
c.jp (H. Kume).
ty for Vascular Surgery. Publishebecause its symptoms are nonspecific and sometimes silent.1
It is recognised that asymptomatic DVT can produce a fatal
PE. Venous thromboembolism occurs frequently during hos-
pitalisation, especially in patientswho havehad an operation..
d by Elsevier Ltd. All rights reserved.
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patients who have undergone general surgery and 40e60% of
those who have had hip or knee arthroplasty.2 It is difficult to
predict which patients will have onset of PE. Several algo-
rithms for predicting PE have been suggested, including the
Wells, Geneva, and revised Geneva scoring systems,3e6 but
they are not useful for screening because almost all post-
surgical patients will have a high score. Algorithms based on
measurements of peripheral oxygen saturation, arterial blood
gases, and/or D-dimer are also influenced by several post-
operative factors. The results of imaging studies such as
ventilation-perfusion lung scintigraphy, pulmonary angiog-
raphy, and contrast-enhanced computed tomography (CT)
provide only retrospective confirmation of the presence of
PE.7 Moreover, postoperative imaging cannot be used
routinely because of its cost and the equipment required.
Transcranial Doppler (TCD) ultrasonography detects high-
intensity transient signals (HITS) that represent air bubbles,
thrombi, or pieces of atheroma in arteries8 and is used for
intraoperative monitoring during cardiac surgery or carotid
endarterectomy.9e11 We previously described use of a TCD
apparatus to detect emboli in peripheral arteries either to
confirm a diagnosis of blue toe syndrome12 or for monitoring
during percutaneous transluminal angioplasty and stent
placement.13 In a study in pigs, we found that the apparatus
could detect thromboembolic events in the venous circula-
tion.14 We here describe an investigation of the ability of the
TCD apparatus to detect venous thrombi in patients who had
undergone total knee arthroplasty (TKA) and of the extent to
which thedetectionresults correlatedwith thepresenceofPE.Methods
The protocol for this study was approved by our university
ethics committee, and written informed consent to
participate was obtained from all patients enrolled.
Patients scheduled to undergo unilateral or bilateral TKA
for a non-traumatic indication in the university hospital
between October 2008 and July 2009 were considered for
enrolment in the study. Preoperatively, all patients
underwent a venous compression ultrasonographic exami-
nation of both legs. Patients in whom DVTwas detected and
those with a past history of DVT or a contraindication to the
use of contrast material were excluded from the study.
The TKA procedure was performed with the patient under
spinal or general anaesthesia and included use of a tourniquet
(pressure, 300 mm Hg for 65e117 min [mean, 78 min]). In all
patients, bone cement was used to fix the prosthetic knee
components. Beginning on the morning of the first post-
operative day, prophylactic anticoagulation therapy using
low-molecular-weight heparin15 (LMWH; Clexane, Sanofi-
Aventis, Paris, France; 2000 IU given subcutaneously every
12 h) was administered for 10 days. Elastic stockings (knee
length; 20mmHgof pressure at the ankle)were applied in the
operating room and remained in place for 1 week. Foot
pumping (A-V Impulse System, Novamedix, Andover, United
Kingdom) was started when the patient arrived at the ward
after surgery and was continued overnight.
A venous compression ultrasonographic assessment to
detect DVTwas performed in both legs on the fourth or fifth
postoperative day. The evaluation was done by using a high-resolution colour duplex Doppler scanner with an elec-
tronically focused linear array transducer and 7.2-MHz
probe (Xario XG, Toshiba, Tokyo, Japan). The entire deep
venous system (between the common femoral vein and
popliteal vein distally through the peroneal, anterior tibial,
posterior tibial, soleus, and gastrocnemius veins) was
evaluated for compressibility at 1-cm intervals. Results
were considered positive for DVT if a venous segment was
not fully compressible.
Examinations to detect PE were done in all patients on
postoperative days 4e11 by using contrast material-
enhanced, multidetector spiral CT angiography. The
pulmonary arteries, including segmental vessels, were
evaluated from the level of the aortic arch to the lowest
hemidiaphragm. A diagnosis of PE was made when the
contrast material outlined an intraluminal defect or
a vessel was totally occluded by low-attenuation material.
Patients in whom proximal DVT (that is, thrombus in
a popliteal or femoral vein) or PE was detected were treated
with warfarin for 6 months. Patients with distal DVT were
given LMWH (2000 IU subcutaneously every 12 h for 10 days)
and observed for 3months, without anticoagulation therapy.
For the HITS assessment, a 7-min TCD ultrasound recording
of blood flow in both common femoral veins wasmade once in
each patient within 24 h postoperatively, during foot pump-
ing. The TCD ultrasound machine (EME Pioneer, Nicolet
Biomedical, Madison, WI, USA) was used with a 2-MHz trans-
ducer. The insonation depth was 36e52 mm, and the sample
volume was set to 10 mm. An intensity threshold of at least
3 dB and a 128-point fast Fourier transform with a time-
window overlap of 67% was used for spectral analysis, with
both the leading and trailing columns being 250. The scale
settingwas20e50cmper second,andahigh-passfilterwas set
at 150 Hz. The amplitude was reduced to 31%. The gain was
adjusted so that the main flow signal detected was pale blue,
corresponding to a background intensity 3e9 dB. The confi-
dence level was 50%.
All Doppler audio signals were recorded on the hard disk
of the ultrasound machine for offline analysis. Each save
time was 4.1 s. SoundTrack software (Win TCD EXE, version
3.3.4.11), which was supplied with the TCD machine, was
used to rule out artifacts. The following criteria were
employed to identify HITS during offline analysis: intensity
increase of at least 3 dB above background, short duration
(300 ms or less), unidirectional, random appearance in the
cardiac cycle, and characteristic sound on the audible
output, all in accordance with the guidelines of the Inter-
national Consensus Group on Microembolus Detection.8
A scoring system based on the locations of DVT as
determined by compression ultrasonography and the
number of HITS detected by TCD ultrasonography was
developed. The presence of DVT confined to soleus veins
was assigned 1 point, whereas DVT in a popliteal, peroneal,
anterior tibial, or posterior tibial vein in addition to soleus
veins was assigned 2 points. A finding of 1e7 HITS was
scored as 1 point; more than 7 HITS was scored as 2 points.
The final score was calculated by summing the DVT and HITS
scores. Receiver operating characteristic (ROC) curves
representing the accuracy of the HITS assessment alone and
of the scoring system in detecting PE were created by using
commercially available statistics software (Excel Tokei
2008, version 1.10, SSRI, Tokyo).
Table 1 Location of DVT, number of HITS, and PE in 48
patients after TKA.
Patient DVT
in SV
DVT in AT, PT,
Pe, or Pop vein
No. of
HITS
Scorea PE
1 Yes Yes (pop) 88b 4 Yes
2 Yes Yes 0 2 Yes
3 Yes Yes (pop) 0 2 Yes
4 Yes e 8b 3 Yes
5 Yes Yes 10b 4 Yes
6 Yes Yes 12b 4 Yes
7 Yes e 17b 3 Yes
8 Yes e 0 1 e
9 Yes Yes 0 2 e
10 Yes Yes 0 2 e
11 Yes e 0 1 e
12 Yes e 0 1 e
13 Yes e 0 1 e
14 Yes Yes 0 2 e
15 Yes e 7 1 e
16 Yes e 0 1 e
17 Yes e 6 1 e
18 Yes e 0 1 e
19 Yes e 0 1 e
20 Yes e 0 1 e
21 Yes e 0 1 e
22 Yes e 0 1 e
23 Yes e 12b 3 e
24 e e 11b 2 Yes
25 e e 8b 2 e
26 e e 23b 2 e
27 e e 1 1 e
28 e e 1 1 e
29 e e 4 1 e
30 e e 2 1 e
31 e e 0 0 e
32 e e 0 0 e
33 e e 0 0 e
34 e e 0 0 e
35 e e 0 0 e
36 e e 0 0 e
37 e e 0 0 e
38 e e 0 0 e
39 e e 0 0 e
40 e e 0 0 e
41 e e 0 0 e
42 e e 0 0 e
43 e e 0 0 e
44 e e 0 0 e
45 e e 0 0 e
46 e e 0 0 e
47 e e 0 0 e
48 e e 0 0 e
SV Z soleus veins; AT Z anterior tibial; PT Z posterior tibial;
Pe Z peroneal; Pop Z popliteal; e Z neither DVT nor PE was
detected.
a Calculated by adding the DVT and HITS scores as described in
the text; the range of possible scores was 0e4.
b A finding of more than 7 HITS (total from both legs), which
was assigned a HITS score of 2 points.
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Forty-eight patients (39 women and 9 men) were enrolled
in the study. Their median age, height, and weight were
74.9 years, 151.2 cm, and 59.2 kg, respectively. Twenty-
four patients underwent unilateral TKA and 24 had a bilat-
eral procedure. Postoperative compression ultrasonography
revealed DVT in 23 patients (10 in the unilateral and 13 in
the bilateral group). Three patients who underwent
unilateral surgery had DVT in the unoperated limb. In 15 of
the 23 patients with DVT, only soleus veins were affected;
they were therefore assigned 1 point as their DVT score. In
the other 8 patients, crural and/or popliteal veins as well as
soleus veins were affected, and they thus received a DVT
score of 2 points. With respect to HITS score, 6 patients
(those with 1e7 HITS) were assigned 1 point and 9 patients
(those with more than 7 HITS) were given 2 points.
The location of DVT, the number of HITS, and the final
score for each of the 48 patients in the study are shown on
Table 1. CT scanning confirmed the development of PE in 8
of those patients (listed on Table 1), none of whom had
symptoms. The final scores for the patients with PE ranged
from 2 to 4; no patient with PE had a score of 1 or 0.
The ROC curve representing the accuracy of the number
of HITS in identifying PE is shown in Fig. 1. The area under
the curve (AUC) was 0.82 and the cutoff value was 8. The
sensitivity and specificity of the HITS assessment were 75%
and 92.5%, respectively. Fig. 2 shows the ROC curve for the
predictive accuracy of our scoring system for PE. The AUC
was 0.96 and the cutoff value was 2. The sensitivity and
specificity of the system were 100% and 85%, respectively.
Discussion
In 23 of the 48 patients in this study, DVT developed after
TKA, with thrombus observed only in soleus veins in 15 of
the 23 (65%). The venous drainage route from the soleus
muscle is through the soleus, peroneal, posterior tibial, and
popliteal veins.16 Contraction in the soleus muscle is
related solely to movement of the ankle joint, whereas the
peroneal, posterior tibial, and popliteal veins receive blood
directly from the foot as well as from the soleus veins.
When a foot pump is used, the velocity of blood flow from
the foot may be increased,17 but the flow in the soleus veins
generally remains unchanged. In the patients in our study in
whom PE occurred, either DVT was observed in the pero-
neal, anterior tibial, posterior tibial, or popliteal vein or
HITS were detected on TCD ultrasonography, indicating
that although some thrombus that propagated in the soleus
veins became detached, some remained in those veins.16
According to a practice-guidelines document published
by the American College of Chest Physicians in 2008,2
routine screening for asymptomatic DVT that used
compression ultrasonography was not effective in some
large studies of patients who had undergone total hip
arthroplasty or TKA.18e21 One of these investigations, that
by Dhupar et al.,18 enrolled 931 patients who had a hip or
knee procedure and underwent compression ultrasonog-
raphy on postoperative day 3 or 4. The evaluation included
all proximal to distal veins except the soleus veins. Twenty-
three of the patients (2.5%) were found to have DVT, but
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Figure 1 ROC curve for use of the number of HITS (italic
numbers) in predicting PE. The AUC is 0.82.
Ultrasonographic Diagnosis of Venous Thrombosis 667none of the 23 had PE development. On the other hand,
clinical PE occurred in 3 patients in whom compression
ultrasonography showed no DVT.
In our study, 5 of the 8 patients with PE had DVT in
a crural vein; thus, the sensitivity of the presence of DVT in
those vessels for predicting PE was 62.5%. When patients
found to have DVT only in the soleus veins were also
included, the sensitivity improved to 87.5%. However, that
required a total of 23 patients with DVT (almost half those
in the study) to be screened for PE. This was not an effi-
cient evaluation because only 8 cases of PE were found.
Moreover, as in the study by Dhupar et al., detection of DVT
by compression ultrasonography did not always predict PE
development in our patients.
Only 6 of the 8 patients with PE in our study had HITS
(sensitivity, 75%). Thus, the presence of HITS alone did not
provide adequate sensitivity for predicting PE. However, our
scoring system, which was based on a combination of the
presence of DVT in crural veins and the number of HITS, had
a sensitivity of 100% and a specificity of 85% when a cutoff
score of 2 was used to screen for PE. Previously described
scoring systems were evaluated by Chagnon et al.22 in a study
of patients with PE requiring emergency treatment. The
researchers reported that the AUC for the ROC curve was 0.78
for the Wells scoring system and 0.74 for the Geneva system.
Subsequently, LeGal et al.6 found that the AUC for the revised012
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Figure 2 ROC curve for use of combined scoring system in
predicting (italic numbers are all possible scores). The AUC is
0.96.Geneva scoring system was 0.74. The AUC for our scoring
system was 0.96, which was considerably higher than the
reported values for the other systems. In addition, the Wells,
Geneva, and revised Geneva scores cannot be used post-
operatively and are not based on completely objective find-
ings. In the Christopher Study,23 3306 patients with clinically
suspected PE were screened by using an algorithm that
combined Wells scoring and D-dimer testing. Application of
the algorithm required that 2249 patients (68% of those in the
study) undergo CT scanning because they were considered
“likely” to have PE, but PE was found in only 674 (30% of
screened patients). In our study, which employed objective
tests alone,only 29%ofpatients (14 of48)were in the“likely”-
PE group (that is, had a score of 2 or higher), including all 8
patients in whom the development of PE was confirmed.
In 6 patients in our study, HITS were observed but
neither PE nor DVT was detected. In these cases, it is
possible that either the thrombotic lesion resolved on
administration of LMWH before imaging or that other kinds
of emboli were detected. In several previous studies, trans-
oesophageal echocardiography showed that fine particles
pass through the heart in many patients undergoing ortho-
paedic surgery when the tourniquet is released or during
reaming.24e28 However, a correlation between the pres-
ence of these particles and either PE or cerebral infarction
was not confirmed, and it was suggested that emboli
associated with air, bone marrow, cement, or fat may have
been responsible for the findings.
Two patients in our study had PE but not HITS. This may
have been a result of the timing of the TCD examination.
Although it has been reported that the PE most often occurs
between the day of surgery and the fifth postoperative day,29
it is not known when the thrombus actually detaches. In
a study of 19 patients who underwent TKA, Abraham et al.30
detected HITS in the femoral veins in 89.5% of patients at
1 h after their operation and in 78.9% at 2 h. However, the
researchers concluded that there was no correlation among
DVT, HITS, and symptomatic PE. In contrast, our study, which
included CT evaluations for asymptomatic PE, found some
correlation among HITS, DVT, and PE. Although additional
research is needed on the timing of and factors that produce
HITS, detection of HITS may be helpful in determining the
time of thrombi detachment and assessing the risk of PE
development.
We suggest that use of our scoring system, which is
based on detection of both DVT and HITS, may be an
effective and efficient method for screening patients for PE
after orthopaedic surgery. In particular, the system may
help to identify patients who should have post-TKA CT
scanning to rule out PE.Acknowledgements
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